58 species and infraspecies of Chlorophyta and Charophyta algae were observed in 60 samples collected in September 2017 from the Shah Alam River, Pakistan. The algal species richness and environmental variables increased down the river, except for pH. Bioindication revealed low saline, low alkaline, middle streaming, and middle oxygenated water with low to middle organic pollution with Index saprobity S 1.48-1.73, Class 2-3 of Water Quality. The trophic state was eutrophic and meso-eutrophic with increasing eutrophication down the river. River Pollution Indices RPI demonstrated increasing of pollution in the Shah Alam River in comparison with the parallel part of the Kabul River.
INTRODUCTION
Freshwater algae are very diverse organisms that occupied all natural environments where the water and light are present. Algae of aquatic habitats have a definite answer to changes in the water properties and, thus, are widely used as bioindicators of water quality and ecosystem status. (Rasiga et al., 1999 ; Barinova et al., 2006; Bellinger and Sigee, 2010) It is crucial to assess the water quality in the rivers of Pakistan, which are major water sources for drinking, industry and agriculture in a semi-arid climate zone. The Pakistan rivers represent a part of the Indus River basin. Usually, they flow down from the mountains and later into flat relief valleys in which the settlements and industries are concentrated. The capital of Khyber Pakhtunkhwa is Peshawar, which is enriched with four main rivers: Kabul River, Nagoman River, Shah Alam River, and Bara River. Out of these four rivers, the Shah Alam River, is known for its anthropogenic load because diverse types of industry and agriculture are located on its banks, which directly dumps its waste into the river.
Freshwater algae are widely used in ecological assessment and monitoring of water quality (Stevenson, 2014 ; Barinova et al., 2006) . It is very important to know about algal diversity in inland waters because most of algal species can be used as environmental indicators. Algal flora of the Peshawar District with special emphasis on Shah Alam River is under exploration.
A few scientific articles about its algae had been published (Sarim, 1989a (Sarim, , b, 1991 Sarim and Faridi, 1976 ; Khan and Faridi, 1977; Anjum and Faridi, 1985; Sarim and Ayaz, 2000; Sarim and Zaman, 2005; Anjum et al., 1980 Anjum et al., , 1982 Faridi et al., 1981; Sarim et al., 2008 Sarim et al., , 2011 Hussain et al., 1985 Hussain et al., , 2009 Hussain et al., , 2010 Hussain et al., , 2011 Hussain et al., , 2012 Khuram et al., 2014) . This region of Pakistan is very loaded anthropogenically because it has flat territory in the Kabul River basin between high mountains with high capacity for agricultural production. The territory between the Warsak areas in the upper part of the Peshawar Plain and before the Swat River tributary input represents a region in which the Kabul River has many meanders in its flow with a minimum of three different flows in parallel. This territory is placed in the semi-arid climatic zone. Many birds are concentrated in this area near the riverbanks. Therefore, it is important to assess the water quality in one of these rivers -the Shah Alam River, the most southern one.
The aim of our present work was to reveal an algal species list with species-specific ecological preferences and abundance of algae from the Shah Alam River to assess the water quality dynamics based on bioindication methods.
MATERIAL AND METHODS
The Shah Alam River is almost 82 km long ( Fig. 1 ), originates from Kabul River up to Machni and falls back to Kabul River after Mian Gujar.
Three algae sampling sites, Machni (1), Khazana (2), and Mian Gujar (3), were selected. 60 algal samples, 20 from each site, were collected during autumn (September 2017.
The collected algal samples ware fixed with 4% formalin (Edler and Elbrächter, 2010) . Taxonomic assessment of the algae specimens was carried out in the Department of Botany of University of Peshawar. For identification, the specimens were mounted on the glass slides and examined under a compound microscope. The specimens were identified with standard identification manuals (Collins, 1909; Transeau, 1951; Prescott, 1962; Wehr, 2002; Tiffany and Britton, 1952; Bellinger and Sigee, 2015) and updated with algaebase.org.
Temperature, pH, electrical conductivity, total dissolved solids, salinity, and dissolved oxygen were measured on the sampling site by using a multiparameter water quality meter (HANNA HI 98194).
Species frequency was assessed with a six-score scale (Barinova et al., 2006) .
Species ecology data was derived from a database (Barinova et al., 2006) for seven ecological bioindication systems. A total list of revealed algal taxa was correlated with ecological database in the Office Access (Microsoft). Relationships of biological and environmental variables were calculated in Statistica 12.0 program. Diversity indices and comparative floristics were done in the GRAPHS program (Novakovsky, 2004) . Algal abundance in each algological sample was calculated as a sum of scores of species in sixscores scale frequency (Barinova et al., 2006) . Pearson coefficients were calculated with help of Wessa (2018) . River Pollution Indices (RPI) were calculated as integral of each measured variable over the distance between sites ( Barinova et al., 2006 Barinova et al., , 2010 .
Where Di, Djan estimate of environmental variable or the corresponding index value for adjacent stations i and j; lthe distance between two adjacent stations (km); Lthe total length of the river. Index of saprobity S was calculated on the base of species ecology (Barinova et al., 2006) as:
Where si is species-specific index saprobity, hi abundance scores of i-species, S is index saprobity of community on the station. 
RESULTS AND DISCUSSION
Studied sites in the Shah Alam River ( Fig. 1 ; Tab. 1) are placed in almost the same latitude and altitude about 300 m above sea level (a.s.l.). Total length of studied river part is 32.2 km. The water temperature increased significantly from 18°C in Machni site to 22°C in Mian Gujar. In the same order other measured variables increased water conductivity, TDS, dissolved oxygen, and salinity as demonstrated in figure 2 . The water pH in the river is changed in the opposite direction ( Fig. 2) . Therefore, the measured variable that fluctuated was salinity, and only pH was proto-opposite. This led us to assume that some processes in the river have a regular, not chaotic fluctuation. 16 genera with 58 species of unicellular and filamentous green and charophyte algae were identified from the collected samples of the Shah Alam River (Tab. 2). The genera are Chlamydomonas with three species, Chlorella -one sp., Chloroidium -one sp., Cladophorafour sp., Closterium -five sp., Cosmarium -seven sp., Hyalotheca -one sp., Microsporatwo sp., Mougeotia -four sp., Mougeotiopsis -one sp., Oedogonium -five sp., Rhizoclonium -two sp., Pseudorhizoclonium -one sp., Schizomeris -one sp., Spirogyra -12 sp., Temnogyra -one sp., Stigeoclonium -two sp., Uronema -one sp. and Zygnema -four sp. 
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Community structure changed down the river. In the upper Machni and Khazana sites the Charophyte species of Spirogyra and Cosmarium dominated. The algal community changed to domination of Mougeotiopsis and Zygnema also from Charophyta in lower Mian Gujar site. Green filamentous algae Cladophora were rich in all studied sites of the river.
Statistically calculated diversity indices were used for assessment of structural changes in algal communities over the studied sites in the Shah Alam River (Tabs. 4 and 5). Species richness was determined through Margalef index. Pielou's evenness index was used for species evenness. Species dominance was measured by using Simpson's index. We observed that community structure regularly changed in statistics variables. Species richness, mean, and Shannon index increased whereas species variance, standard deviation, evenness and dominance decreased down the river. Table 5 also included results of index saprobity S calculation that show fluctuation over the studied sites from Class 2 of Water Quality in upper Machni site to Class 3 in sites Khazana and Mian Gujar. Therefore, we observed that organic pollution in the Shah Alam River was not so large and major sources of pollution can be found in the middle part of the river where Index saprobity S = 1.73 was maxim. As illustrated in table 1 and figure 2, water variables changed regularly. We calculated Pearson coefficients for all measured environmental variables, algal species richness, and Index saprobity S. Only two coefficients show significant correlation. Water pH and salinity were strongly negatively correlated (-0.98, p < 0.05), and also water pH and species richness (-0.99, p < 0.03) were correlated negatively.
We assume that water pH was influenced not only by environmental parameters in the river but also impacted species composition in algal community.
Our calculation show increasing organic pollution in the Shah Alam River in comparison of the parallel flow part of the Kabul River (Barinova et al., 2016) where saprobity varied between 1.55 and 1.59 reflect Class 3 of Water Quality.
We analysed bioindicator species representation in each studied site as well as distribution of specific groups over river communities and between them. Table 2 and figure 4 shows that benthic species strongly prevail in all studied sites, but number of plankto-benthic and planktonic inhabitants was rich in the lower sites. Increasing ecological group indicators of low oxygenated waters reflects the slowing of the river flow and the decrease of dissolved oxygen in the water down the river.
Sufficient decreasing in water pH is reflected in alkaliphilic species and increasing of indicators of low alkaline waters (Fig. 4 ) down the river. Salinity indicators were diverse in the lower Mian Gujar site only. This means low saline waters over the whole river. Indication of organic pollution dynamic in studied sites with help of saprobity groups (Tab. 2) that combined in the Water Quality classes show increasing of Class 3 and Class 4 indicators down the river (Fig. 4 ) that can be assessed as increase of organic pollution.
Assessment of trophic state dynamic over the river sampling sites show ( Fig. 4 ) increasing of eutrophic and meso-eutrophic indicators from Machni to Mian Gujar. Therefore, in the Shah Alam River, not only organic pollution increase was detected but also trophic state down the river flow. We compared community structure in studied sites with help of comparative floristic program GRAPHS. The dendrite in figure 5 shows that Mian Gujar community is the richest including two other site communities to more than 50% of species. It reflects high capacity of revealed algal flora to develop even under pollution stress in the Shah Alam River and community in Mian Gujar that can be marked as floristic core of the river algal diversity.
Dendrogram of community similarity (Fig. 6 ) revealed more similarity between two lower sites community than uppermost Machni site. This can point to changing environment properties in the studied river after Machni site. Figure 7 presents surface plots that have been generated statistically for revealing relationships of algal diversity and environmental variables in the Shah Alam River. Plots in figures 7a and 7b represent influences of water quality variables to species richness and show that the richest community can be developed in low TDS and low pH of water and preferred more saline water with low oxygenation. At the same time, the green algae that contain no more than 40% of species in each site survived better with the increasing water temperature and salinity, and decreasing of conductivity and dissolved oxygen ( Figs. 7c and 7d) . The charophytes, that prevail in community of each site, preferred lower TDS, pH and oxygen but increased with salinity increasing in the Shah Alam River (Figs. 7e and 7f ). The integral indices RPI (River Pollution Index) were calculated for the Shah Alam River (Tab. 6) as has been described previously (Khuram et al., 2017) . We observed that the integral RPI for the Shah Alam River is similar to variables in the middle site Khazana. RPI index has been calculated earlier for the Kabul River main stream (Khuram et al., 2017 ) that flow in parallel with the Shah Alam River from Warsak to Syrdaryab sites. We compared the data about Kabul and Shah Alam rivers and calculated RPI for parallel stream Shah Alam including upper site Warsak in the Kabul River and site Syrdaryab that placed below the Mian Gujar site in the Shah Alam River. Total length of the river between Warsak and Sardaryab is 51.5 km. Total length of the river channel (across the studied sites of the Shah Alam River) between Warsak and Sardaryab is 51.5 km. The distance between Warsak and Machni is 10.15 km, while the distance from Machni to Khazana is 21.32 km. The distance from Khazana to Mian Gujar is 10.83 km, and between Mian Gujar and Sardaryab is 9.2. Second column in table 6 represents RPI calculation for the Shah Alam River including sites in the Kabul River. Comparisons show that environmental integral RPI and RPI for the Charophyta species richness were slightly lower in the Kabul River part including sites before and after the Shah Alam River than in studied river itself. Only total species richness RPI and RPI of Chlorophyta species number were greater in part with Kabul sites than in the Shah Alam River itself. Therefore, the calculation of RPI shows not only increasing water pollution in the Shah Alam River more than in the parallel Kabul River, but also a decreasing of total species richness, and a decrease in Chlorophyta in particular. RPI let us choose the Kazansa site as it reflects mean parameters of algal community and environment as reference for the whole Shah Alam River. 
